ABSTRACT Introduction: Recent research suggests that vitamin D deficiency may cause both bone diseases and a range of non-skeletal diseases. However, most of these data come from observational studies, and clinical trial data on the effects of vitamin D supplementation on individuals with pre-diabetes are scarce and inconsistent. The aim of the Diabetes Prevention with active Vitamin D (DPVD) study is to assess the effect of eldecalcitol, active vitamin D analogue, on the incidence of type 2 diabetes among individuals with pre-diabetes.
INTRODUCTION
Type 2 diabetes is an important risk factor for cardiovascular disease and causes a variety of complications. Moreover, the incidence of type 2 diabetes is currently increasing and has become a major burden to healthcare systems and societies worldwide. 1 In Japan, there are ∼9.5 million people with diabetes and 109 000 persons per year are diagnosed with diabetes. 2 Additionally, 552 million people worldwide will have type 2 diabetes by the year 2030. 3 The incidence of type 2 diabetes from pre-diabetes (impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT)) is about 10% (5.8-13.2%) per year. [4] [5] [6] [7] While diabetes is an irreversible state, pre-diabetes can be reverted to a normal glucose state. Therefore, many clinical trials have aimed to reduce the incidence of type 2 diabetes by targeting individuals with pre-diabetes.
Active vitamin D is currently prescribed as the drug of choice for osteoporosis and hypocalcaemia, but it has been reported that vitamin D and active vitamin D might have additional metabolic effects on tissues other than bone and calcium metabolism [8] [9] [10] because vitamin D receptors have been found in various tissues, such as the brain, pancreas, breast, kidney, colon, prostate and
Strengths and limitations of this study
▪ This study will provide new evidence concerning the effect of eldecalcitol, active vitamin D, on preventing the incidence of type 2 diabetes in individuals with impaired glucose tolerance. ▪ Our study participants will be at high risk for diabetes; all the participants will visit clinics to be followed by physicians every 12 weeks, and they will be prescribed active vitamin D formulations at that visit. Therefore, the drug compliance and the follow-up ratio in our study will be better than those in other trials, where study participants, almost healthy people, receive vitamin D supplements once a year. ▪ It is unknown whether the results of this study applies to other ethnicities because this study consists of only Japanese participants.
immune cells. [11] [12] [13] [14] One of the additional effects of vitamin D is expected on the glucose metabolism. Vitamin D is regarded to have two mechanisms by which glucose metabolism in patients with glucose intolerance will be modulated, that is, a direct effect on pancreatic β-cells and an enhancing effect on insulin sensitivity in insulin-targeted organs. First, vitamin D receptors and 1-α-hydroxylase, which activates the synthesis of active vitamin D (1, 25(OH) 2 D 3 ), are expressed in pancreatic β-cells. 15 16 Therefore, it is reported that active vitamin D is involved in insulin biosynthesis. [17] [18] [19] Second, in insulin-targeted organs, such as adipose tissue and skeletal muscle, the expression of the insulin receptor is enhanced by active vitamin D in cultured cells. 20 Also, it is reported that vitamin D modulates the activation of Proxisome Proliferator-Activated Receptor δ (PPARδ), which is one of the transcription factors controlling lipid metabolism in adipocytes and skeletal muscle. 21 Many observational studies suggested that the serum 25-hydroxy vitamin D 3 (25(OH)D 3 ) level was inversely associated with the incidence of type 2 diabetes. [22] [23] [24] [25] [26] Thus, some small-scale clinical trials have evaluated whether vitamin D and active vitamin D have the effect of improving insulin resistance and glucose metabolism, but the results are still controversial. [27] [28] [29] [30] [31] [32] [33] With the aim of further addressing this issue, we designed a randomised controlled trial to evaluate whether active vitamin D, eldecalcitol, can prevent the incidence of type 2 diabetes among individuals with IGT and whether it can normalise blood glucose levels.
Objectives and end points
The objective of the present study is to elucidate the therapeutic effect of eldecalcitol (active vitamin D) on the prevention of type 2 diabetes among individuals with IGT. The primary end point is the HR of type 2 diabetes onset during 144 weeks of the study period. The secondary endpoint is the number of participants who achieve normoglycaemia at 48, 96 and 144 weeks.
METHODS AND ANALYSES Study design
This Diabetes Prevention with active Vitamin D (DPVD) study is designed as a prospective, multicentre, randomised, double-blind, placebo-controlled and parallel group comparison study. In total, 750 adults with IGT will be randomly assigned to either the active vitamin D or control group, and treated until the onset of type 2 diabetes or the end of treatment period. This study is investigator-initiated and the study sponsor is the University of Occupational and Environmental Health.
Study population and settings
Participants will be recruited from outpatient clinics in Fukuoka prefecture and Kanagawa prefecture in Japan by the investigators. Individuals with IGT who meet all inclusion criteria and none of the exclusion criteria (table 1) will be enrolled for randomisation. All participants will be followed at the University of Occupational and Environmental Health, Kokura Medical Association Health Testing Center or Fujisawa City Hospital.
Registration procedure
After confirming that an individual conforms to the inclusion and not the exclusion criteria, a subinvestigator will obtain written informed consent from him/her. The subinvestigator will fill out the participants' recognition code list with the date of acquisition of the informed consent, the participant registration number (PRN) and personal information necessary for identifying the PRN with the participant. The PRN is composed of the name of the institution, sex (male (M) or female (F)), age (30-54 years (Y); ≥55 years (E)), 75 g oral glucose tolerance test (OGTT) 2-hour plasma glucose (2h-PG; <170 mg/dL (L); ≥170 mg/dL(H)), and the number of visits. For example, in a hospital, a male participant, aged 43 years, with 176 mg/dL of 2h-PG, who is the fifth participant recruited in this study, will have a PRN composed of hospital name and MYH5. The subinvestigator will also fill out a case report form (CRF) with predetermined requirements and applies for registration and treatment assignment by sending the CRF with the PRN via fax to the Assignment Center at Kokura Medical Association.
Randomisation and blinding
Participants will be assigned in a 1:1 ratio to either the active vitamin D group or the control group by using a central randomisation method. A randomisation list is made using a permuted block procedure by a responsible person in the Assignment Center prior to the first participant's entry, and the list is stratified by sex, age, 75 g OGTT 2h-PG, because these factors are considered to affect the incidence of diabetes. The assignment list will be kept in a safe in the Assignment Center until it is time to open the safe. The location of the key will not be disclosed to the investigators or subinvestigators. Therefore, both the study personnel and the participants will be blinded to which treatment group. The key will be retrieved only after the trial is finished and data are fixed, except in the case of interim analyses or emergencies.
Intervention
Active vitamin D group: participants will receive 0.75 µg of eldecalcitol daily for 144 weeks or until the incidence of diabetes. Eldecalcitol is an active vitamin D 3 , which is added with the hydroxypropoxy group to the position of 2β in calcitriol (1, 25(OH) 2 D 3 ), leading to an enhanced calcium absorption from the intestine. Control group: participants will receive one capsule of placebo daily for 144 weeks or until the incidence of diabetes. Participants in both groups will be seen at 12-week intervals by their subinvestigators. A brief (5-10 min long) talk on appropriate calorie intake from diet (ideal body weight×25-30 kcal) and exercise will be given to each participant on the basis of the common sheet.
Additional treatment criteria
When a participant meets the criteria for additional treatment described below, additional treatment will be initiated. Subinvestigators will describe the date and reason for the additional treatment in the CRF. 1. If low-density lipoprotein (LDL) cholesterol levels exceed 160 mg/dL, participants in both groups will be treated with statins. The subinvestigator can prescribe their statin of choice. 2. If triglyceride levels exceed 220 mg/dL, participants in both groups will be treated with fibrates. The subinvestigator can prescribe their fibrate of choice. 3. If bone mineral density (BMD) decreases to ≤−2.5 SD, participants in both groups will be treated with bisphosphonates. The subinvestigator can prescribe their bisphosphonate of choice. However, if there is a significant difference between the two groups in the number of participants with bisphosphonates administration, the analysis is to be performed after adjustment. 4. If systolic blood pressure exceeds 150 mm Hg and/or diastolic pressure exceeds 100 mm Hg, participants in both groups will be dosed with antihypertensive drugs. The subinvestigator can prescribe their hypertensive drug of choice.
Discontinuation of treatment
When a participant meets the discontinuation criteria described below, subinvestigators shall stop the intervention. They shall describe the date and reason for the discontinuation on the CRF, and perform the same examinations initially planned to be done after the 144-week treatment to evaluate the efficacy and safety. If the treatment discontinuation is caused by adverse events, subinvestigators will have to follow the participant until he/she recovers to the original state as much as possible. 1. A participant withdraws consent for participation. 2. Continuation of the study treatment has become difficult because of adverse events. 3. A participant is diagnosed with type 2 diabetes. 4. It is recognised that a participant did not satisfy eligibility criteria after registration, except for the restoration to normoglycaemia after treatment. 5. Serum calcium levels reach ≥11.0 mg/dL. 6. Subinvestigators judge that it is suitable to discontinue the study.
Outline of the study schedule After registration and assignment to treatments, all participants will be seen at 12-week intervals by their subinvestigators (table 2) . Body height, body weight and blood pressure will be measured, and blood samples will be taken at baseline and every 12 weeks thereafter. A list of blood tests is shown in table 3. A 75 g OGTT will be performed at baseline and annually. Serum 25(OH)D levels will be measured by using a liquid chromatography-tandem mass spectrometry (LC-MS/MS) system 34 at baseline and annually. The system consists of ACQUITY UPLC I-Class and Xevo TQ-S (Waters, Milford, MA). BMD is not an obligatory measurement but will be evaluated on request from participants. If fasting plasma glucose (FPG) ≥126 mg/dL or glycated haemoglobin (HbA1c) ≥6.5% (≥48 mmoL/moL) is identified, a 75 g OGTT will be performed within 4 weeks. When HbA1c≥6.5% (≥48 mmoL/moL) and at least one of the following is recognised, the participant will be diagnosed with diabetes: FPG≥126 mg/dL, 75 g OGTT 2h-PG≥200 mg/dL, or casual plasma glucose ≥200 mg/dL. 35 Participants with diabetes will be excluded from the followed-up data analysis. Conversely, when the participants achieve normoglycaemia, defined as meeting all three glycaemic criteria (FPG<110 mg/dL, 2h-PG<140 mg/dL, and HbA1c<6.5% (<48 mmoL/ moL)) or both FPG<100 mg/dL and HbA1c<5.7% (<42 mmoL/moL) 36 are recorded successively at least twice, the date will be recorded, and they will be followed up as analysis subjects until diabetes onset. The follow-up period for all participants is 144 weeks.
Primary end point
The primary end point is the HR of type 2 diabetes onset during 144 weeks of the study period: active vitamin D group versus control group. We consider that the comparison of the treatment effect on type 2 diabetes onset between the two groups is the best measurement to evaluate the improvement of insulin resistance and glucose tolerance.
Secondary end points 1. The number of participants who achieve normoglycaemia at 48, 96 and 144 weeks. 
Statistical analyses
The intention-to-treat population comprises all participants who undergo randomisation and receive at least one dose of the study drug, and will be analysed for the assessment of effectiveness and safety. In this analysis plan, the data set is called the full analysis set. The per protocol set comprises all participants who undergo randomisation and have no violation of inclusion and exclusion criteria, and this set will be analysed as the secondary population in the sensitivity analysis. When summating data in each specified period, those data that are obtained beyond an acceptable range of the prescribed observation date or obtained by other than the default method or condition will be treated as missing data. Basic statistics (mean, SD) are calculated for all continuous variables in each treatment arm and each visiting time. If necessary, basic statistics are calculated as a whole. As to FPG, HbA1c and other laboratory data, differences between the values at baseline and those taken every 12 weeks, and their per cent changes from baseline are calculated. Basic statistics, SEs or 95% CI are also calculated in these items. The distribution will be summarised in contingency tables for each treatment arm and each visiting time for all categorical variables. All significance tests and CI were two-sided and performed or constructed at the 5% significance level.
Sample size
Sample size was calculated with an 80% power (1-β), a 0.05 α error and a two-sided test for Log-rank test in Kaplan-Meier survival analysis. On the basis of our preliminary study (unpublished), we assumed that the cumulative incidence of type 2 diabetes in the control group is 23.14% (8.4% annually) and that in the active vitamin D group it is 14.81% (5.2% annually) during 3 years. Thus, the relative risk reduction and dropout ratio are assumed at 36% and 7%, respectively. As a result, 375 participants are required in each group (total 750).
Interim analyses
According to the incidence of diabetes, it is assumed that at least 133 participants will develop diabetes during the study period. The total number of interim analyses will be two. When 1 year has passed after the registration of the last participant, the first interim analysis will be conducted. Simultaneously, the dropout ratio of participants will be confirmed. If it is more than 3% per year, recruitment of trial participants will be conducted again. The second interim analysis will be done when 80 participants develop diabetes, that is, 60% of the expected diabetes incidence. Regarding the primary end point, when the difference, determined by the O'BrienFleming method, between the two groups is <0.0005 (in the first interim analysis), <0.014 (in the second interim analysis), or <0.045 (this is not an interim analysis but the final analysis), 37 early completion of the trial will be decided by the independent Data Monitoring Committee.
Trial management and independent committees
The Trial Steering Committee (Chair: GS) will meet on a termly basis to review the status of the overall programme, including trial progress. In the case that they amend the protocol for a legitimate reason, they shall submit a report about the amendment to the principal investigator and Institutional Review Board as soon as possible for their review and approval. The decision of the amendment must be informed to all authorised study personnel immediately.
The data collection centre will collect the accumulating outcome data from all trial participating institutions. The staff member of the centre will clean up and aggregate the data but will not know the group to which a participant belongs.
The independent Data Monitoring Committee (Chair: TI) will audit the conduct of the trial with safety and ethics review regularly and conduct the interim analyses. When the trial is finished or the independent Data Monitoring Committee adjudicates the trial completion according to the result of the interim analyses, the final data set will be directly sent to a fully independent Data Analyses Committee (Chair: SM). The data will be analysed for all end points. Any investigators other than the Data Analyses Committee cannot access the data.
Ethical considerations and dissemination
This study is being conducted according to Good Clinical Practice (GCP) and the Declaration of Helsinki. 38 It is carried out under the surveillance and guidance of the independent Data Monitoring Committee in compliance with the International Council for Harmonisation (ICH)-GCP guidelines. A written informed consent is obtained from each participant before study participation. Participants are informed of their right to withdraw from the study at any time. This study was registered at the University Hospital Medical Information Network clinical trials registry (UMIN000010758). The study results will be presented at national and international conferences, and submitted for publication in peer-reviewed journals.
DISCUSSION
There is increasing interest in the potential health benefits by taking vitamin D supplements or active vitamin D formulations. Recent research suggests that vitamin D deficiency may cause both bone diseases and a range of non-skeletal diseases, such as cardiovascular diseases, cancers (eg, colorectal, breast), type 2 diabetes, infectious diseases (eg, influenza, common cold, tuberculosis) and autoimmune diseases (eg, multiple sclerosis, type 1 diabetes). 9 39 However, most of these data come from observational studies, and clinical trial data on the effects of vitamin D are scarce and inconsistent. [31] [32] [33] Hence, we focused on the effectiveness of eldecalcitol, active vitamin D, on the incidence of type 2 diabetes among individuals at high risk for diabetes and designed the protocol of the DPVD study. This study will provide valuable information, both on the incidence of type 2 diabetes and the improvement to the normal glucose state from IGT.
As a result of necessary compromises in study design, the DPVD study protocol has a number of strengths and weaknesses. Since this study consists of only Japanese participants, it is unknown whether the results of this study are adapted to other ethnicities. Several large-scale clinical trials to examine the benefits of vitamin D in a number of chronic diseases have recently been started around the world: USA, Finland, New Zealand, eight European cities and the UK. 39 40 The primary end points are cancer, cardiovascular disease, respiratory disease, infection, hypertension, bone fracture, cognitive function and longevity. However, there is no trial of which primary end point is diabetes. As compared with these trials in which the number of participants is 2000-20 000, that in our study is 750. However, our study is not considered to be inferior to others because of the following reasons. In other trials, primary end points are diverse: study participants are almost healthy persons; there is no regular outpatient follow-up by a physician; vitamin D supplements are delivered by mail once a year, whereas in our study there is one primary end point: study participants are at high risk for diabetes; all participants visit clinics to be followed by physicians every 3 months; they are prescribed active vitamin D formulations at that visit. Therefore, the drug compliance and the follow-up ratio in our study will be better than those in other trials; additionally, the sample size of our study, 750 participants, will be enough to evaluate the primary end point.
Although vitamin D supplements are chosen to be used in most of the other trials, active vitamin D formulation is chosen in our study. Humans get vitamin D from exposure to sunlight, from their diet and from dietary supplements. Vitamin D from skin and diet is metabolised in the liver to 25-hydroxyvitamin D; 25-hydroxyvitamin D is metabolised in the kidneys by the enzyme 25-hydroxyvitamin D-1α-hydroxylase to its active form, 1,25-dihydroxyvitamin D. Vitamin D itself does not have a physiological effect but 1,25-dihydroxyvitamin D does-it promotes intestinal calcium absorption in the small intestine and calcium resorption from bone by interacting with the vitamin D receptor to enhance the expression of the epithelial calcium channel and calcium-binding protein. 11 As a result, the administration of active vitamin D rather than vitamin D leads to expression of these physiological effects more effectively and promptly both on bone and calcium metabolism and on non-skeletal tissue and glucose metabolism. Hence, we chose active vitamin D formulation in this study. In conclusion, results from this study will provide a clearer picture of the risk and benefits of eldecalcitol (active vitamin D) for prevention of type 2 diabetes, and contribute to the resolution of a debate 'whether vitamin D and active vitamin D is panacea for glucose metabolism'. 41 Current study status The DPVD study began recruiting participants in June 2013 and we are still collecting data. It is expected to be reported in 2017.
